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Abstract 
Rationality of assessment index system plays an important role for emergency capability in the coal mine. Combined 
with the existing results, the primary assessment index system including eight first-level indexes for emergency 
capability was established based on analysis of influence factor. It was tested with structure equation model (SEM for 
short) based on some questionnaires and Amos software. And six first-level indexes were determined. The result 
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1. Introduction 
There are many kinds of unexpected accidents in the coal mine because of many production links, 
complicated geological conditions and bad production conditions. Cases of emergency rescue show that 
improvement of emergency capability may effectively reduce casualties and property losses after the 
accidents happened[1]. In recent years, emergency capability of coal mine depends to a larger extent on the 
part of emergency equipment, emergency system construction and so on under the guidance of the 
relevant laws and regulations. But there is also some unreasonable phenomenon. For example, emergency 
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capability construction and the major risk of itself is not consistent.
 
This will lead to unreasonable use of 
safety funds, and even the result of poor rescue. In order to avoid the unreasonable phenomenon, it is 
essential to establish reasonable assessment index system for emergency capability of the coal mine and 
to implement. 
At present, the research of assessment for emergency capability of the coal mine is deficiency, and 
locus on qualitative analysis of assessment index. But it is possible to make the analysis of assessment 
index system from qualitative analysis to quantitative analysis with the application of SEM and to 
analyzed relations of  each index. 
2. Structure Equation Model 
Currently, the structural equation model(SEM for short) has been widely used in the field of social 
sciences. It can explain the relationships between the observed variables and unobserved variables, and 
allow the existence of measurement error. The SEM are as follows. [2] [3] 
2.1. Measurement model 
The measurement model is known as confirmatory analysis model, which mainly explains the 
relationship between potential and observed variables. Generally, it consists of two equations, which 
distinguishes the relationship between the exogenous latent variables and exogenous observed variables, 
endogenous latent variables and endogenous observed variables. They are expressed by equation like this:  
  x                                                                                                      （1） 
  y                                                                                                     （2） 
Where  = 1p vector of exogenous observed variables, Y = 1q vector of endogenous observed 
variables,  = 1m  vector of exogenous latent variables,  = 1n  vector of endogenous latent variables, 
x = mp  matrix, called factor loading matrix on exogenous latent variables, y  = nq  matrix, called 
factor loading matrix on endogenous latent variables,  = 1p  vector of measurement error,   = 1q  
vector of measurement error,  and   represent the part that can not be explained by latent variables. 
2.2. Structure model 
The structure model is known as cause and effect model. It mainly explains the relationship between the 
latent variables; it is expressed by equation like this: 
 
  B
                                                                                        （3） 
Where   = the vector of endogenous latent variables,  = the vector of exogenous latent variables, B = 
the relationship between endogenous latent variables,  = the value of exogenous latent variables on 
endogenous latent variables,  = the measurement error in structure equation model , representing the 
part that the model can not be explained. 
3. The establishment process of SEM for emergency capability of coal mine 
3.1. The primary assessment index system 
 
2315CHENG Lian-hua et al. / Procedia Engineering 26 (2011) 2313 – 2318 CHEGN Lianhua,LI Shugang, LIN Haifei / Procedia Engineering 00 (2011) 000–000 3 
Combined the principles[4] and the research of coal mine emergency capability[5~9], the primary 





3.2. Questionnaire and reliability analysis 
According to Likert’s five scale questionnaire method, each index of the assessment system divided 
into five level such an "poor," "poor," "general", "good", "very good", and the corresponding scores is 
from 1 to 5 points. Because the SEM has better stability When the number of samples is greater than 
100[10]. 140 questionnaires were distributed, and 136 were recovered, of which 131 are valid. The 
effective rate reach to 95.7%. 
To ensure the stability and reliability of the questionnaires, we need to analyze the reliability of all the 
questionnaires. The common method for analyzing reliability is Cronbach’s Alpha coefficient. Generally, 
the reliability coefficient is believed between 0 and 1. If the scale reliability coefficient is above 0.8, it 
indicates that the scale has a good reliability. If the scale reliability coefficient is between 0.7 and 0.8, it 
suggests that the scale is acceptable. If the scale reliability coefficient is below 0.7, it shows that some 
indexes need adjusting[11]. Currently, using the SPSS software to calculate the reliability coefficients, we 
got 0.896, which indicates that the scale has good reliability, and the questionnaires are stable and reliable. 
Emergency ability A  
Monitoring ability 1B  
Management ability 2B  
Emergency training ability 3B  
Resources preparing ability 4B  
Information transmission ability 5B  
Commanding ability 6B  
Rescue ability 7B  
Summarizing ability 8B  
Hidden danger investigation 2C  
Complete institution 3C  
Implement rules 4C  
Rescue worker training 5C  
 Exercising rescue plans 6C  
Ensuring rescue team 7C  
 Complete medical 8C  
Ensuring capital and equipment 9C  
 Alarm ability 10C  
Communication ability 11C  
Plan execution ability 12C  
Resource allocation ability 13C  
Rescue team supporting ability 14C  
Equipment supporting ability 15C  
Health supporting ability 16C  
Restoring production ability 17C  
Improving plan ability 18C  
 Figure .1 assessment index system for emergency capability of coal mine 
Early warning system 1C  
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3.3. The primary model of  SEM 
According to the theory and previous findings, as well as the relationship between potential variables 
and observed variables, a primary model was established. We analyze the emergency capability factors of 
coal mining enterprises and propose hypothesis: the endogenous latent variables that affect emergency 
capability of coal mining enterprises include four basic dimensions; they are information transmission 
capability, emergency command capability, emergency rescue capability, and recovery capability;  the 
exogenous latent variables that affect emergency capability of coal mining enterprises include four basic 
dimensions; they are monitoring capability, management capability, emergency training capability, 
resources preparing capability. 
The measurement model (1) and (2) need more than two observed variables to measure a latent 
variable. The structure equation model can be established according to model (3), reflecting the 
relationship between the latent variables, forming the initial model, shown in Figure 2. 
 
 
Figure.2 SEM-1 The primary model of emergency capability 
3.4. SEM verification 
In terms of goodness-of-fit, if 2  and df/2  value are between 1 to 2, it is said that hypothetical 
model fits the sample data. If Root Mean Square Error of Approximation value (RMSEA) is between 
0.08~0.1, it indicates that the model is common adaptable. And if the value is less than 0.05, it indicates 
that the model fits very well. The Goodness of Fit Index value(GFI), Standard Fit Index value(NFI) and 
Comparative Fit Index value(CFI) range mostly between 0~1, the more it is close to 1, the better the 
model fit.[12] 
        According to the model assumption, we obtain the fit index of original model SEM-1 by AMOS 
software. 2 is 257.5, and df is 113, and 2 significance level P is 0.0497, and df/2 is 2.28, and 
RMSEA value is 0.064, and GFI value is 0.87,and  NFI value is 0.88, and CFI value is 0.90. The fit 
indicators show that the original model should be revised. Therefore, with AMOS proposed amendments, 
by adding and deleting some potential variables, changing the relationship between internal and external 
variables, we got the modified model SEM-2. The revised model fit index has been improved significantly; 
the structure equation model fit is acceptable. The comparison between SEM-1and SEM-2 is shown in 
table 1. 
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Table.1 Model goodness of fit 
indicator 2  df  p  df/2  RMSEA GFI  NFI  CFI  
SEM-1 257.7 113 0.0497 2.28 0.064 0.87 0.88 0.90 
SEM-2 189.6 120 0.0623 1.58 0.051 0.91 0.93 0.94 
Revised structure equation model, 2 is 189.6, RMSEA value is 0.051, GFI value is 0.91, NFI value is 
0.93, and CFI value is 0.94. The indicator shows that the revised model fit is better than the original model, 
the result is shown in Figure 3: 
 
Figure.3 The final model of emergency capability 
3.5. Model analysis 
Through the establishment of structure equation model , we analyze the six potential variables 
affecting emergency capability of the mine. According to the correlation coefficient of the model, the 
importance sequence of factors which affects the emergency capability of coal mining enterprises are 
emergency rescue ability, commanding transmission ability, resources preparation ability, emergency 
training ability, recovery ability and management ability. 
4. Conclusions 
      Application of structural equation model can directly measure a series of quantitative indicators. Fitting 
results clearly reflect the mine emergency capabilities between the various indicators. Therefore, 
reasonable assessment index system may be established by indicators reasonable inspection, and 
importance measures of each factors was ranks. In conclusion, SEM has certain advantages and flexibility 
in establishing the assessment index system. 
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